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Retinyl palmitate (RP) is a derivative of Vitamin A and widely applied as the active component in the fields of cosmetic and 
pharmaceutics. RP can easily lose its physiological activity under UV irradiation due to its photosensitivity. In this work, it was 
found that the activity of RP remained 75% after 80 min of UVA irradiation when RP was entrapped in supramolecular gels 
formed by self-assembly of sorbitol-based gelators. By contrast, the activity of RP in conventional hydroxyethyl cellulose gels 
only remained 10% under the same conditions. These results showed that the supramolecular gels exhibited a significant protec-
tive effect on the photostability of RP. UV spectra of RP in supramolecular gels and corresponding solutions showed no distinct 
differences, indicating no change of the physicochemical properties of RP. The images of field-emission scanning electron mi-
croscopy and fluorescent optical microscopy suggested that the protection by supramolecular gels on the photostability of RP may 
be attributed to the three-dimensional network structure formed by the self-assembly of the gelators, which reduced the molecular 
collisions and the degradation process of the photoactivated RP. The present results showed that this protection can be influenced 
by the structures and the concentration of gelators as well as by the solvent composition.  
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Vitamin A (retinol) is an essential human nutrient that plays 
an important role in critical physiological functions includ-
ing vision and epidermal cell growth [1]. Retinyl esters, 
particularly retinyl palmitate (denoted as RP, Scheme 1), are 
widely applied in many products because they are more 
chemically stable than retinol. However, the use of RP as 
epidermal medicines is limited due to its significant photo-
sensitivity, easily losing its physiological activity under UV 
irradiation. Therefore, the protection of RP towards photo-
decomposition has been the subject of increasing attention. 
Various photostability agents and inclusion agents are cur-
rently used to protect photodegradation of RP [2,3].  
Manabu et al. [4] developed an eye drop containing RP, 
in which, polyoxyethylene-polyoxypropylene glycols were 
used as inclusion agents for treatment of corneal and con-
junctival injuries. RP retention is approximately 85% after 
storage for two months. Semenzato et al. [5] prepared O/W 
cosmetic emulsions with high viscoelastic properties as car-
rier of RP. Results showed that the chemical stability of RP 
strictly depends on the physical stability of the formulation 
and in particular on the presence of a coherent gel-like 
structure in the external phase of the emulsion. Young et al. 
[6] investigated photodecomposition of retinol entrapped 
within liposomes in the presence of α-tocopherol and the 
oxybenzone. It was found that the actual entrapment of the-
se protecting species in the liposomes is important in en-
hancing the stability of the drug. Carlotti et al. [7] employed 
solid lipid nanoparticles (SLNs) dispersed in O/W emul-
sions as carriers for RP and found that the SLNs themselves 
show physical UV-blocking action. SLNs in O/W emulsions 
protect RP from photodegradation induced by UVA     
and UVB radiation, probably due to the light-scattering 
properties of SLNs. Carlotti et al. [8] also employed hy-
droxylethyl cellulose gels to enhance the photostability of 
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RP and investigated the effect of the pH of the gels on the 
photostability of RP. It was found that RP in the gels at pH 
4 and 8 was less stable than at pH 5.6 and 7. Undegraded 
RP at pH 7 remained approximately 20% under UVA radia-
tion for 90 min. Cyclodextrins (CD) are useful inclusion 
agents for the protection of RP. Sapino et al. [9] employed 
two synthetic alkyl carbonates of γ-CD derivatives in hy-
droxylethyl cellulose gels as inclusion agent of retinol. The 
results of a permeation study indicated that the complexa-
tion with alkyl-γ-CD increases the amount of vitamin A that 
accumulates into the skin improving its effectiveness. Reti-
nol retention was approximately 80% under UVB radiation 
for 30 min.  
Supramolecular gels are semisolid materials formed by 
self-assembly of low-molecular mass gelators in organic or 
aqueous solvents via noncovalent interaction [1012]. The 
preparation process is simple and more feasible in compar-
ison with the different carriers described above, such as 
O/W emulsions, liposomes and SLNs. Supramolecular gels 
consisting of biocompatible components have a great poten-
tial application in the fields of topical medicines and cos-
metics [13]. In addition, we speculated that the three-   
dimensional network structure formed by the gelator aggre-
gates in supramolecular gels may be beneficial to preserve 
the photostability of RP. Therefore we propose a new strat-
egy for protecting the photostability of RP in this work. To 
the best of our knowledge, the use of the supramolecular 
gels to protect the photostability of RP has not been report-
ed previously. 
In the present work, supramolecular gels were prepared 
by self-assembly of a series of sorbitol-based gelators includ-
ing 1,3:2,4-di-O-benzylidene-D-sorbitol (DBS), 1,3:2,4-di-O- 
p-methylbenzylidene-D-sorbitol (MDBS) and 1,3:2,4-di-O- 
m,p-dimethylbenzylidene-D-sorbitol (DMDBS) (Scheme 1). 
Low-molecular-weight PEG or 1,2-propylene glycol and 
ethanol were used as matrices of the supramolecular gels. 
The mechanism of the protection effect excercised by    
the supramolecular gels on the photostability of RP under 
various conditions was investigated by field-emission scan-
ning electron microscopy, UV spectroscopy and fluorescent 
optical microscopy. 
1  Experimental  
1.1  Materials 
1,3:2,4-di-O-benzylidene-D-sorbitol (DBS, purity 99%), 
1,3:2,4-di-O-p-methylbenzylidene-D-sorbitol (MDBS, pu-
rity 99%) and 1,3:2,4-di-O-m,p-dimethylbenzylidene-D- 
sorbitol (DMDBS, purity 99%) were commercially availa-
ble (Hubei Huabang Chemicals Co). All-trans-retinyl pal-
mitate (RP, purity 99.9%, ≥1700000 IU/g) was purchased 
from Xiamen Kingdomway Co. The appropriate amount of 
RP was dissolved in ethanol to prepare the stock solutions 
of RP (9×104 mol/L). Polyethylene glycol 400 (PEG400), 
1,2-propylene glycol and ethanol were of analytical grade 
and used as received. Hydroxyethyl cellulose (HEC, 38000 
mPa s at 25°C) was purchased from Shandong Yutian 
Chemicals Co. Ultrapure water was produced by a Millipore 
Direct-Q system. 
1.2  Preparation of supramolecular gels containing RP  
A weighed amount of DBS, MDBS and DMDBS were sep-
arately added to a mixture of 1,2-propylene glycol/ethanol 
or PEG400/ethanol. The mixture was stirred and heated in a 
water bath until the solid completely dissolved and then 
allowed to cool to 30°C. Subsequently an appropriate 
amount of a stock solution of RP was added. The ratio of 
1,2-propylene glycol/ethanol and PEG400/ethanol, as well 
as the concentration of RP and gelators in the mixture will 
be described in the corresponding Figures. The mixture was 
subsequently allowed to cool to room temperature to form 
the supramolecular gels (designated as DBS gel, MDBS gel 
and DMDBS gel). The corresponding solutions of 1,2-  




Scheme 1  Chemical structures of RP, DBS, MDBS and DMDBS. 
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gelators were prepared as the reference. 
1.3  Photodegradation of RP 
The gels and corresponding solutions containing RP in 5 
mm quartz cuvettes were irradiated with UVA light (CLEO 
Performance 40W, Philips). The samples were taken from 
the cuvette with designed intintervals (20 min) and diluted 
with ethanol to the appropriate concentration in the test tube. 
The absorbance at 327 nm, the characteristic absorption of 
RP, was recorded using a UV-Vis spectrophotometer 
(TU-1810, Beijing Pushi General Co.). The recovery of RP 
was found to be approximately 99% (n=3, RSD=1.78%). 
The retained activity (RA) was used to estimate the photo-





Herein A0 is the absorbance of RP in the sample before 
UVA irradiation and A is the absorbance of RP in the sam-
ple after UVA irradiation.  
Similarly, UV spectra of the gels and corresponding so-
lutions containing RP in 2 mm quartz cuvettes were rec-
orded employing a UV-Vis spectrophotometer. The gels and 
corresponding solutions without RP were used as references 
[6,7].  
1.4  Fluorescent optical microscopy (FOM) and field- 
emission scanning electron microscopey (FE-SEM) 
The hot solution mixtures described in section 1.2 were 
dropped on a preheated glass plate. After cooling to room 
temperature, the gel samples were imaged by FOM (IX71, 
Olympus). Similarly, the morphological analysis of the gel 
samples with or without RP was performed by FE-SEM 
(Sirion 200, FEI). The gel samples were frozen in liquid 
nitrogen and then freeze-dried (Freezone 6, Labconco). All 
samples were coated with Au. The accelerating voltage was 
10 kV.  
1.5  Preparation of a conventional hydroxyethyl cellu-
lose gel containing RP  
The conventional hydroxyethyl cellulose (HEC) gel was 
prepared in accordance with the method described previ-
ously [8]. Briefly, a mixture of 0.2 wt% of RP (approxi-
mately 3.8×103 mol/L), 2 g of HEC and 98 mL of water 
was stirred at 25°C for 2 min. 
2  Results and discussion 
2.1  Effect of gelator structures and concentrations on 
the photostability of RP  
DBS, MDBS and DMDBS are efficient gelators to form 
supramolecular gels in organic solvents [1416]. In our ex-
periments, it was found that a mixture of 1,2-propylene 
glycol/ethanol (1/2, v/v) or PEG400/ethanol (1/1–3, v/v) 
can transform to a stable and transparent gel in the presence 
of these sorbitol-based gelators. The minimum gelation 
concentration of the gelators was found to be approximately 
0.4 wt% in both solvent systems. In other words, the 
three-dimensional network of the supramolecular structures 
can be formed through self-assembly of the sorbitol-based 
gelators in the solvents when their concentration is more 
than 0.4 wt%. The solvent molecules are immobilized in the 
three-dimensional networks by the capillary effect. The 
nanostructure of the three-dimensional network can be used 
as a molecular platform to load the guest molecules. Due to 
a very low concentration of RP (6×104 mol/L) in the gels, 
the existence of RP has no influence on the formation of the 
supramoleuclar gels. As reported previously, the guest 
molecules in the network exhibit different properties from 
those in the homogeneous solution [1719]. Figure 1 shows 
the photostability of RP in supramolecular gels formed by 
self-assembly of DBS, MDBS and DMDBS in propylene 
glycol/ethanol (Figure 1(a)). The photostability of RP in the 
corresponding solutions was also measured as the control. 
Figure 1(b) shows the effect of MDBS concentration in the   
 
 
Figure 1  (a) Effect of gelator structures on the photostability of RP in 
propylene glycol/ethanol solutions (■), DBS (1.2 wt%) gel (●), MDBS  
(0.6 wt%) gel (▲) and DMDBS (0.6 wt%) gel (▼). (b) Effect of MDBS 
concentrations on the photostability of RP in MDBS gels. 0.05 wt% (●), 
0.4 wt% (▲) and 0.8 wt% (■). The concentration of RP in all samples was 
6×104 mol/L. The ratio of propylene glycol/ethanol was 1/2 (v/v). 
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gels on the photostability of RP. We note that the aim of 
this work is to preliminarily estimate photostability of RP in 
supramolecular gels. Thus, only UVA light was employed 
in all irradiation measurements. 
As shown in Figure 1(a), the activity of RP in MDBS 
gels remained 30% after irradiation of UVA for 75 min, 
which is higher than that in the corresponding solution (4%). 
It suggested that the photostability of RP entrapped in the 
gel was efficiently protected in comparison with that in 
corresponding solutions. Similar results can be observed in 
the case of DBS and DMDBS gels. However, the retained 
activity of RP in DBS gels is lower than that in MDBS and 
DMDBS gels. This can be attributed to the difference of 
their chemical structures. As shown in Scheme 1, MDBS 
and DMDBS have one and two extra methyl groups in 
comparison DBS. Thus the microenvironment of three-  
dimensional network formed by MDBS and DMDBS is 
facilitated to entrap the hydrophobic RP molecules. There-
fore, MDBS gels were used in successive experiments to 
investigate the photostability of RP in gels. 
In general, three-dimensional network structures in the 
supramolecular gels greatly depend upon the concentration 
of the gelator [20,21]. Figure 1(b) shows the effect of the 
concentrations of MDBS on the photostability of RP. As 
mentioned above, the minimum gelation concentration of 
MDBS in propylene glycol/ethanol is approximately 0.4 
wt%. In the case of propylene glycol/ethanol containing 
0.05 wt% of MDBS (no gel state), the retained activity of 
RP was found to be 9% after 80 min of UVA irradiation. By 
contrast, the retained activity of RP in the gel formed by 0.4 
wt% of MDBS increased to 30%. We note that the im-
provement caused by higher concentrations of MDBS is 
limited. A small effect on the retained activity of RP was 
found when 0.8 wt% of MDBS was employed. Since the 
concentration of RP in MDBS gel was fixed, this result im-
plies that there is a proper matching concentration relation-
ship between RP and gelator. The excess of MDBS exerts 
no influence on the increase of the photostability of RP. 
This will be further discussed below. 
2.2  Effect of solvent composition of the supramolecular 
gels on the photostability of RP 
The main component in the supramolecular gel is solvent. 
The solvent composition greatly affects the formation and 
property of the gels [22,23]. Two kinds of solvent systems 
for the MDBS gels were investigated in this work. One of 
them is the low molecular weight propylene glycol/ethanol 
(1/2, v/v) and the other is oligomeric PEG400/ethanol 
(1/13, v/v). Figure 2 shows the retained activity of RP in 
two kinds of supramolecular gels after irradiation with UVA. 
As shown in Figure 2(a), there seems to be no significant 
effects on the protection of RP in both gels. The protection 
of gel formed in oligomeric PEG400/ethanol is slightly bet-
ter than that of the gel formed in propylene glycol/ethanol.  
 
Figure 2  (a) Effect of solvent composition on the photostability of RP in 
propylene glycol/ethanol (1/2, v/v) (●) and PEG400/ethanol (1/2, v/v) (■). 
Concentrations of MDBS in all samples were 0.4 wt%. (b) Effect of sol-
vent composition on the photostability of RP in PEG400/ethanol (1/1, v/v) 
(■), PEG400/ethanol (1/2, v/v) (●) and PEG400/ethanol (1/3, v/v) (▲). 
Concentrations of MDBS in all samples were 0.6 wt%. Concentrations of 
RP in all samples were 6×104 mol/L. 
This may be attributed to a fact that the entangled long 
chains of PEG are more beneficial to entrap RP molecules. 
Thus, the effect of different ratio of PEG400/ethanol on the 
photostability of RP was investigated (Figure 2(b)). It was 
found that the retained activity of RP decreased with a de-
crease of the PEG content, indicating that the long chains of 
PEG also retard the photodegradation of RP. This conclu-
sion is consistent with the protection effect of PEG on pho-
tosensitive hemin, reported by Inamura et al. [24]. They 
found that the photodegradation rate of the PEG/hemin 
complex was only half of the photodegradation rate of he-
min in DMSO.  
 
2.3  Effect of RP concentrations in MDBS gels on the 
photostability of RP  
As discussed in Section 2.1, we suggest that there is a prop-
er matching concentration relationship between MDBS and 
RP in gels. Figure 3 shows the effect of RP concentration in 
the MDBS gels on the photostability of RP. The values on 
the Y axis are the difference of retained activity of RP be-
tween MDBS gels and corresponding solutions. As shown 
in Figure 3, the retained activity of RP is the lowest at the 
highest concentration of RP (102 mol/L). It indicates that 
excessive RP is not protected because of the constant con-
tent of MDBS, resulting in the low retained activity. The  
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Figure 3  Effect of different RP concentrations on the difference of re-
tained activity between MDBS gels and corresponding solutions. Concen-
trations of RP were 1×102 mol/L (■), 2.5×103 mol/L (●) and 2×104 
mol/L (▲). Concentration of MDBS in PEG400/ethanol (1/2, v/v) was 0.6 
wt%. 
retained activity of RP was also not high in case a low con-
centrations of RP was employed (104 mol/L). In our ex-
periments, it was found that the color of the system was 
nearly colorless and transparent when 104 mol/L of RP was 
used. In this case, the transmission of the UV light increased, 
resulting in an increase of the photodegradation of RP. The 
retained activity of RP showed the highest value when the 
RP concentration was 103 mol/L. It implies that this con-
centration is basically matching the inclusion effect of 
MDBS gels. 
2.4  Comparison of MDBS gels and conventional poly-
meric HEC gels  
The hydroxyethyl cellulose (HEC) gel is widely used as a 
drug carrier. The protection effect of a HEC gel on the pho-
tostability of RP has also been reported elsewhere [6]. The 
polymeric HEC gel is completely different from the supra-
molecular gel both in structure and in properties. Figure 4(a) 
shows a comparison of the protection effects of the two 
kinds of gels on the photostability of RP. The retained ac-
tivity of RP was found to be approximately 75% in the 
MDBS gel, and only 10% in the HEC gel after 80 min of 
UVA irradiation. In addition, it was also found that the HEC 
gel formed by 2 wt% of HEC and 98 wt% of water is 
opaque and the MDBS gel is transparent (Figure 4(b)). 
Since it is well known that UV light can transmit a trans-
parent gel more easily, the photodegradation of RP is un-
derstandable. However, the results in Figure 4(b) suggest 
that the protection effect of the MDBS gel on the photosta-
bility of RP is much better than that of the HEC gel. This 
may be of great significance for the preparation of cosmet-
ics containing RP.  
2.5  Mechanism of the protective effect of MDBS gels 
on the photostability of RP  
The above discussion indicates that the supramolecular gel 
has an obvious protective effect on the photostability of RP. 
The mechanism of the protective effect may involve the 
particular microenvironment of RP located in the MDBS gel 
and the microstructure of the MDBS gel. Figure 5(a) and (b) 
shows FE-SEM images of MDBS xerogels formed in pro-
pylene glycol/ethanol (1/2, v/v) in the presence of RP and in 
the absence of RP, respectively. Three-dimensional network 
structures consisting of fibril bundles can be clearly ob-
served, originating from the self-assembly of MDBS in 
propylene glycol/ethanol. The diameter of the fibril aggre-
gates is approximately 100 nm. The presence of RP in the 
gels seems to have no influence on the formation of the 
three-dimensional network structures. A lot of solvent 
“chambers”, as a location of RP, are present in the three- 
dimensional network. RP molecules are entrapped into the 
nano-scale fibers around the chambers similar to the situa-
tion in liposome or SLNs. This could be the mechanism of 
the protective effect of the supramolecular gel on the photo-
stability of RP. 
To further confirm the suggestion that RP is located in 
the “chambers”, we applied fluorescent optical microscopy 




Figure 4  (a) Photostability of RP in HEC gels (■) and in MDBS gels (●). The HEC gel is formed from 2 wt% of HEC and 98 wt% of water. The MDBS 
gel was formed from PEG400/ethanol (1/2, v/v) in the presence of 0.6 wt% of MDBS. The concentration of RP in all samples was 3.81×103 mol/L. (b) 
Photograph: HEC gel (left) and MDBS gel (right). 
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Figure 5  FE-SEM images of MDBS xerogels (propylene glycol/ethanol, 1/2, v/v). (a) MDBS gel without RP, (b) MDBS gel with RP. The concentration of 
MDBS in all samples is 0.8 wt%, the concentration of RP in all samples is 2.5×103 mol/L. 
 
Figure 6  FOM images of (a) PEG400/ ethanol solution (1/2, v/v) containing RP, (b) MDBS gels with RP and (c) MDBS gels without RP. The concentra-
tion of MDBS and RP is 0.4 wt% and 6×104 mol/L, respectively. The magnification of the images is 400 ×. 
FOM images of RP in MDBS gels and in the corresponding 
solution. Obviously, almost no luminescence is observed in 
the case of the solution (Figure 6(a)), indicating that RP is 
homogeneously dispersed in the solution. However, signifi-
cantly enhanced luminescence is observed in the gel. RP 
appears as dispersive light spots in Figure 6(b). In a control 
experiment, no luminescence was observed in MDBS gels 
without RP (Figure 6(c)). The results reveal that RP mole-
cules reside in the chambers of three-dimensional networks. 
Since the degradation process of RP is a chain reaction [1], 
the isolation of RP in the chambers plays an important role 
to reduce the probability of collision of the photoactivated 
RP molecules [5]. This may be the main reason for the pro-
tective effect of the supramolecular gels on the photostabil-
ity of RP. 
2.6  UV spectra of RP in MDBS gels and the corre-
sponding solutions 
The above discussion indicates that the retained activity of 
RP entrapped in supramolecular gels is significantly im-
proved in comparison with that in the corresponding solu-
tions. Now a relevant question is whether the chemical 
structure and properties of RP are changed by the interac-
tions between RP and the microenvironment? Thus, we de-
termined the UV spectra of RP in MDBS gels and in the 
corresponding solution (Figure 7). The data indicate that 
both UV spectra are almost the same. We conclude that,  
 
Figure 7  UV spectra of RP in MDBS gels and in the corresponding solu-
tion (PEG400/ethanol, 1/2, v/v). Concentrations of MDBS and RP were 0.4 
wt% and 2×105 mol/L, respectively. 
although the microenvironments of RP located in the gels 
and the solutions are different, the chemical structure of RP 
has not changed. RP is only physically entrapped into the 
gel and its chemical and physiological activity is not af-
fected. 
3  Conclusions 
In this work, we propose a new strategy for protecting the 
photostability of RP. Supramolecular gels were prepared  
by self-assembly of a series of sorbitol-based gelators in a  
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solvent mixture of PEG400/ethanol or 1,2-propylene gly-
col/ethanol. MDBS gels exhibited excellent protective ef-
fects on the photostability of RP. In comparison with con-
ventional polymeric HEC gels, supramolecular gels signifi-
cantly increase the retained activity of RP after irradiation 
of UVA. The mechanism of the protective effect may in-
volve the particular microenvironment of RP located in the 
MDBS gel and the microstructure of the MDBS gel. The 
data show that RP is located and isolated into the solvent 
chambers formed by the three-dimensional network struc-
ture of the gel. 
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